The chemical composition of Sarcodon imbricatus (L.:Fr) Karsten (Hydnaceae) was evaluated to assess it as source of nutrients and nutraceuticals. The analyzed mushroom contains ergosterol and ergosterol peroxide. S. imbricatus methanolic extract showed a moderate antiradical activity (measured by DPPH radical scavenging activity). The combination of bioactive compounds and rich nutritional composition (high contents in protein, low content in fat, and its content of unsaturated fatty acids) makes the mushroom a good food.
Mushrooms have been recognized as a source of food for thousands of years. They can be valued as nutritional foods as they are a good source of proteins (10-40%), carbohydrates (3-21%), and fiber (3-35%) [1] . Mushrooms are low in calories and high in vitamins and minerals. Lipid contents range between 1.75 and 15.5% [2] .
In addition to their nutritional value, many mushrooms have gained importance for their biological activity. Antiinflammatory, antioxidant, antimicrobial, immunostimulant and antitumor properties have been shown by wild and cultivated mushrooms. [3] Recently we have been interested in Sarcodon glaucopus [4] and S. cyrneus [5] . These two bitter species were particularly interesting for the presence of cyathane diterpenes, which show peculiar biological properties [4a, 5] . These compounds have been indicated as those responsible for the bitter taste of these species.
S. imbricatus (L.:Fr) Karsten (Hydnaceae) is an edible species. Two previous studies evaluated the chemical composition of this mushroom [6], but no analysis of secondary metabolites was reported. As a result, we decided to investigate S. imbricatus to determine the possible presence of cyathane diterpenes, as well as to ascertain the most abundant metabolites of this mushroom. Furthermore, we studied the fatty acid profile, total soluble sugars, total proteins and total polyphenols. The antioxidant property of S. imbricatus methanolic extract was also determined using the DPPH radical scavenging activity. Dry S. imbricatus was extracted with n-hexane and MeOH at room temperature for 24 h. The n-hexane extract was esterified using an ethereal solution of Communications   2008  Vol. 3  No. 11  1907 -1910 diazomethane and studied by GC-MS to determine the fatty acid composition. Methyl palmitate, methyl oleate and methyl linoleate, the latter accounting for 42% of the total amount, were the most abundant compounds.
NPC Natural Product
The methanolic extract was dissolved in EtOAc and washed with water. 1 H NMR spectral analysis of the crude ethyl acetate phase showed the absence of cyathane diterpenes in the extract. Purification by column chromatography gave only two products that were identified by NMR spectroscopy as ergosterol (1) [7] and ergosterol peroxide (2) [8] .
Ergosterol peroxide (2) is widely distributed in mushrooms and shows a plethora of biological activities, such as antileukemic and anticancer [8] , apoptotic-inducing [9] , and anti-inflammatory [10] .
Total soluble sugars, as g sucrose/100 g dry weight, were determined colorimetrically by the anthrone method directly on the dry fruiting bodies [11] . The total soluble sugar quantity, expressed as g of sucrose equivalents/100 g dry weight, was 1.55%.
Total proteins, expressed as g bovine serum albumin equivalents/100 g dry weight, were determined colorimetrically by a slightly modified Lowry method [12] on the lyophilized fruiting bodies; the amount found was quite high (17%).
A well-established method for determining total polyphenols relies on color development due to the reduction of the Folin-Ciocalteu reagent by the reductant (polyphenol). This particular method utilizes a reference standard, such as gallic acid, with absorbance readings taken with a spectrophotometer. [13] Total polyphenols (0.5%) are expressed as g gallic acid /100 g dry weight.
The antioxidant activity of the methanolic extract was evaluated using the DPPH radical scavenging activity assay [14] . The IC 50 (concentration in mg/mL required for 50% inhibition of DPPH radical) was 0.43±0.11. Trolox (6-Hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid) was used as reference compound (IC 50 =0.014±0.001). This result shows that the radical scavenging activity of this extract is fairly good.
In conclusion, we have studied the chemical composition of S. imbricatus and evaluated its radical scavenging activity. The results showed the absence of cyathane diterpenes, and this could explain the absence of bitterness of this species, and the presence of ergosterol and ergosterol peroxide (0.8 and 0.2% of dry weight, respectively); these are important biologically active compounds. The mushroom showed a high content of proteins and a low content of fat, with the precious contribution of unsaturated fatty acids. These data confirm that S. imbricatus can be considered a good food.
Experimental
General: UV spectra were obtained on a UV/VIS V530 JASCO instrument. 1 H and 13 C NMR spectra were recorded in CDCl 3 , on a Bruker Avance-DRX 400 spectrometer at 400 and 100.62 MHz, respectively, using TMS as the internal standard. GC-MS analysis was performed on a HP-6890 instrument equipped with a mass selective detector HP-5973. Column chromatography was performed using Merck silica gel 60 (70-120 mesh). Thin layer chromatography was performed on Merck silica gel 60 F254. Extraction: Lyophilized fruiting bodies (30 g) were extracted at r.t. for 24 h with n-hexane (1 L). After vacuum filtration, the solvent was evaporated giving 550 mg of n-hexane extract. The residue was extracted with MeOH (1 L) at r.t. for 24 h. After vacuum filtration the methanolic extract was evaporated giving 3 g of residue.
Esterification of the n-hexane extract:
The n-hexane extract was dissolved in 200 mL of Et 2 O and methylated using an ethereal solution of diazomethane. At the end of the reaction the solvent was removed and the residue purified by column chromatography. Elution with dichloromethane-EtOAc (19:1) gave two fractions: the less polar was composed of a mixture of fatty acid methyl esters (475 mg), and the most polar (90 mg), analyzed by NMR and MS spectroscopy, was identified as ergosterol (1) [7] .
Gas chromatography of fatty acid methyl esters: GC analysis of fatty acids methyl esters was performed
Nutrients and nutraceutical significance of Sarcodon imbricatus Natural Product Communications Vol. 3 (11) 2008 1909 on a Dani 1000 (Norwalk, CT, USA) instrument equipped with a split-splitless injector and a flame ionization detector (FID). A fused silica WCOT capillary column CP-Select CB for FAME (50 m x 0.25 mm i.d., 0.25 μm f.t.; Varian, Superchrom, Milan, Italy) was used. The injector and detector temperature was 250°C; the oven temperature was 130°C, and then increased to 225°C at 3°C/min; the final temperature was held for 10 min. The carrier gas (He) flow rate was 1 mL/min and the split ratio was 1:70.
For the acquisition and integration of chromatograms Clarity (DataApex Ltd., Prague, Czech Republic) software was used.
To confirm the identity of the fatty acid methyl esters a GC-MS QP-2010 (Shimadzu, Japan) was used with the same capillary column and the same chromatographic conditions as those described above for GC-FID analysis of fatty acid methyl esters. (1) and ergosterol peroxide (2) : The methanolic extract (3 g) was suspended in 200 mL of EtOAc and washed with H 2 O (3x 25 mL). The organic layer was dried over anhydrous Na 2 SO 4 and evaporated, leading to a brown syrup (500 mg). This extract was fractioned by SiO 2 gel column chromatography using dichlomethane-EtOAc 9:1. Two compounds were obtained: ergosterol (1) (150 mg) and ergosterol peroxide (2) (60 mg). The structures of these two compounds were determined by comparison with reported literature data [7, 9] .
Isolation of ergosterol

Determination of total soluble sugars:
Dry mushrooms (0.2 g) were extracted at r.t. for 24 h with 20 mL of 80% EtOH. After this time, the suspension was filtered and diluted to 100 mL with 80% EtOH. Of this ethanolic solution, 1 mL was mixed with 10 mL of anthrone solution [prepared with thiourea (5 g), anthrone (0.25 g) and 473 mL of 12.68 M sulphuric acid]. The mixture was heated in a boiling water bath and left for 1 h in the dark. The absorbance was measured at 620 nm against a blank containing all the reagents, except the carbohydrate solution, which had been substituted with distilled water. The average of five measurements was used to calculate the sugar content.
Determination of total proteins: Dry mushrooms
(1 g) were extracted with 50 mL of 1N NaOH solution at r.t. for 24 h. The suspension was then filtered and 0.1 mL of the filtrate diluted to 2 mL with 1N NaOH. To the solution, were added 0.5 mL of a 2% solution of CuSO 4 ·5 H 2 O, 0.5 mL of a 1% solution of sodium and potassium tartrate, and 49 mL of a 2% solution of Na 2 CO 3 . To this solution 2 mL of a 1:1 mixture of 1N NaOH and Folin reagent were added. The mixture was kept for 20 min. in the dark before the absorbance was measured at 740 nm against a blank containing all the reagents, except the protein solution, which had been substituted with distilled water. The average of five measurements was used to calculate the sugar content.
Determination of total polyphenols: Dry mushrooms
(1 g) were extracted with 100 mL of MeOH at r.t. for 24 h. The suspension was then filtered and diluted to 100 mL with MeOH. To 1 mL of this solution, 10 mL of Folin reagent and 8 mL of a 7.5% Na 2 CO 3 solution and 1 mL of H 2 O were added. The mixture was kept for 20 min. in the dark before the absorbance was measured at 765 nm against a blank containing all the reagents, except the polyphenol solution, which had been substituted with distilled water. The average of five measurements was used to calculate the polyphenol content.
Determination of antiradical activity:
Fresh DPPH stock solution at a concentration of 9 mg/100 mL MeOH was prepared. Methanol was used instead of the sample for blank measurements. An aliquot of 1 mL of different concentrations of either standard antioxidant or Sarcodon imbricatus methanolic solution was added to 1 mL of DPPH solution. The mixture was vortexed for a few seconds and left to stand in the dark for 20 min at room temperature. Trolox was used as a control.
The activity was measured of the total methanolic extract prepared by extraction of 1 g of dry mushroom with 100 mL of MeOH at r.t. for 24 h. After this time the suspension was filtered and the filtrate evaporated under reduced pressure. The DPPH test was performed, as previously described, on the residues obtained after evaporation. All determinations were performed in triplicate.
